Bordet and Gengou (1), in 1906, performed serological tests on pertussis employing the organisms which they discovered and claimed to be the causative agent of whooping cough as the antigen for the complement fixation test. They got a positive reaction in most cases of the disease. Yet, later investigations failed to confirm these results.
Among those who confirmed their results were Renaux (2) who examined 73 cases, Chievietz and Meyer (3) with 112 cases and Giese (4) with 123 cases. In recent years good results were reported particularly by German authors who employed a method which will be described later. Keller, Klopstock and Klopstock (5) examined 131 sera of 88 cases with pertussis; 77 sera showed a positive reaction, 17 were doubtful, and 37 sera were negative. Gundel and Schliiter (6, 7) reported a study of 70 pertussis patients; 54 of these were positive, 3 doubtful, and 13 negative. In a later series of cases they found that of 140 sera from children with pertussis and suspicious cases, 105 gave a positive reaction. The reason given to explain the negative reactions were, either that the children did not suffer from whooping cough or were too young or too sick to form antibodies.
The method employed by the German authors mentioned above consists in preparing an antigen by using whole pertussis bacilli supended in alcohol to which a small amount of lecithin is added. The addition of lecithin tends to render the result more specific and at the same time to decrease the anticomplementary effect of the antigen. In a recently published paper, Hansing (8) , using the same method on the sera of 189 patients, found that 48 per cent were positive, 22 per cent doubtful, and 29 per cent negative.
The failure of many workers to obtain good results with complement fixation in pertussis may be explained by the fact that no method was available to differentiate between pertussis and influenza bacilli. Only recently Povitzki (9) found that Bordet-Gengou bacilli grew well on a definitely acid medium (pH 5.0) whereas the Pfeiffer bacillus was inhibited by it. Furthermore, Gundel and Schliiter (10) found that genuine pertussis bacilli when injected intradermally into white rabbits always produced severe necrosis while influenza bacilli only caused infiltration and erythema.
Because, in the past, there was uncertainty regarding the differentiation of both organisms the proper antigen was not always employed for the complement fixation test. The agglutination method, on the other hand, did not prove successful owing to the insufficient amount of antibodies during the natural disease. Besides, spontaneous agglutination is often observed and nonspecific results thus obtained. If it could be shown that the complement fixation test becomes positive in pertussis and also follows the injections of bacillus pertussis, this would seem to be another point in favor of the Bordet-Gengou bacillus as the etiological factor in whooping cough.'
The problems studied were the specificity of the reaction, its value in the diagnosis of whooping cough, its occurrence during the disease and the duration of the antibody content. with 50 per cent alcohol in the proportion of 1 cc. of centrifuged organisms to 200 cc. of 50 per cent alcohol. Thus the supernatant fluid was retained in the above mixture. The bacilli were shaken vigorously for about 20 minutes, using glass beads to break them up and then filtered through glass wool. Thus, a homogeneous suspension was obtained. Various amounts of 1 per cent lecithin were added to this stock antigen and tested in preliminary tests. After evaporating the alcohol in an evaporating dish, the bacilli were suspended in an amount of saline solution corresponding to the original volume. For instance, 1 cc. antigen was placed in an evaporating dish and, after evaporating the alcohol, was resuspended in 1 cc. of 0.85 per cent salt solution. The saline was added drop by drop and the rounded end of a test tube was used for bringing the dried material into suspension. In most experiments, an antigen dilution of 1: 10 or 1:15 was found suitable for performing the test. In some positive cases the antigens were further diluted 1:20, 30, 40.... In using serum from an immunized rabbit or a strongly positive serum of a patient with whooping cough, one can determine the best dilution of the antigen to be used.
METHOD
B. This method is similar to that employed by McNeil (18) for the preparation of gonococcus antigen. The 48 hours growth on unadjusted Bordet agar was scraped and put into about 10 times its volume of absolute alcohol. After mixing, it was centrifuged for 10 minutes, the alcohol poured off, fresh alcohol added, put into a wdter bath and stirred intermittently for 30 minutes at 560 C. The alcohol was poured off, ether added, the mixture stirred intermittently for 30 minutes at room temperature, and then the tubes put into the ice box to settle for was washed off into sterile salt solution (0.85 per cent) using 2 cc. per plate. After the organisms were broken up by vigorous shaking, the suspension was heated for one hour at 600 C., and then centrifuged for 40 to 50 minutes. The slightly opaque supernatant fluid was used as an antigen. While the potency of this antigen was not always as high as that of Antigen A, the specificity was good. This antigen was stored in the ice box and heated for a short time at 560 C. before each test.
Ice fixation experiments Gundel (10, 11) repeatedly mentions the fact that fixation at 00 C. as compared with that at 370 C. shows more definitely the specificity of a complement fixation test. Sachs, Klopstock, and Takenomata (15) Absorption experiments Good results were obtained using the following method: A heavy suspension of pertussis bacilli was prepared by scraping the growth of 1 or 2 plates into 1 cc. saline. To 0.1 cc. serum, 0.35 cc. saline and 0.05 cc. of the suspension of organisms were added. After mixing the bacilli with the serum dilution, the tubes were incubated at 37°C. for 30 to 40 minutes, centrifuged for one-half hour at high speed, and the supernatant fluid, representing a 1: 5 dilution of the serum, was inactivated for 30 minutes at 560 C. and used.
The question now to be considered is the value of the method in the diagnosis of whooping cough. Table I gives a survey of all cases of whooping cough examined. As may be seen, some of the children were examined several times. All of these, except one, showed a definite increase in the titer of complement binding antibodies.
Among the 89 cases there were 14 infants.
The sera of four of them were positive, one doubt- ful, and the others negative. These findings confirm Gundel's observation that infants rarely form antibodies against pertussis bacilli during the disease. Some of the cases had been coughing for weeks when examined by us, and yet showed a completely negative reaction. On the sera of 75 children 1 year and older, 85 tests were performed which are tabulated in Table II . Regarding the 16 negative results, one must bear in mind the fact that 7 of these tests were performed during the first two weeks of the disease. After the third week of the cough only 6 tests were definitely negative. There were 69 children older than 1 year who were at least in the second week of the cough. From these patients we obtained 53 positive, 5 doubtful, and 11 negative tests. 
+++
Judging from these observations, the reaction seems to remain positive for about 5 to 8 months after the actual disease. The blood of these children with a history of pertussis several years before ordinarily failed to show fixation. It is not certain whether the positive findings on some of the children (as Case 6 of Table IV, where the exact time interval elapsed since the pertussis is not known, or as Case 17 and 18, where the children had suffered from the disease several years before), were actually caused by the whooping cough. The explanation for the positive findings in these cases may be analogous to that given for the adult cases described below.
Besides the cases represented in Table IV , the authors were able to examine the sera from normal children as well as those from children with various diseases with regard to, 1, previous whooping cough infection, and 2, the specificity of the complement fixation test in children. In cases of measles, the blood was taken during the first 3 to 4 days after the rash appeared, in scarlet fever-usually during the first two weeks of the illness, in tuberculosis-during different stages.
From these experiments, it may be seen that in children free from whooping cough, a positive complement fixation test usually occurs for a limited time only, after the end of the disease. However, weakly positive or doubtful results were observed in some cases where there was no history of pertussis. The various diseases mentioned in Table V , as measles, scarlet fever, chickenpox, tuberculosis, had no influence on the results of the test itself. Nonspecific reactions were of rare occurrence.
Considering the complement fixation tests performed on all children, there was a total of 140 cases, free of pertussis within the last 8 months or not previously immunized. Only 7 of these were positive, 7 doubtful and 126 negative. In other words, 5 per cent were positive and 5 per cent doubtful, irrespective of a history of whooping cough. However, most of these 14 cases had a positive history of pertussis.
It would therefore appear that the complement fixation test in children, if positive, may be used as a diagnostic test. In a number of cases of whooping cough the diagnosis is often difficult, particularly when the patients are seen late in the disease at a time at which the cough plate is likely to be negative and the cough and blood count may not be typical.
An additional advantage of the complement fixation test is the simplicity of the method.
Different results, however, were obtained when we examined the sera of adults. These sera were taken from a number of healthy adults, patients with syphilis, gonorrhea, and various other diseases (as well as sera from volunteers), and also from professional blood donors. The latter group was chosen because it comprises young, healthy men only. Sufficient data as to a history of pertussis during childhood, could not be obtained in all cases.
From Table VI it may be seen that if the ++ results are disregarded, 76' cases out of 562, 13.5 per cent, showed a strongly positive complement fixation. This large percentage is rather surprising and cannot be explained on the basis of an amnesic serological reaction due to pertussis during childhood. As has been stated above, the serological reaction remains positive for a limited time only.
Besides, we tried to find whether there was any relationship between a history of pertussis in these adults and a positive complement fixation test. As far as could be ascertained, no such connection existed. Patients with a history of having had pertussis in childhood would show a completely negative reaction, whereas others who denied having had the disease showed complete fixation.
The next question to be answered was: do the sera of these adults with a positive complement fixation test contain specific amboceptors against Bordet-Gengou bacilli or do they give nonspecific reactions? Absorption tests were performed, according to the method described above, on a number of sera. It was found that the specific antibodies were removed after the sera was absorbed with pertussis bacilli suspensions.
When some of the sera were tested against an influenza bacilli fixing reagent, prepared in the same way as is our Antigen A, the results were negative reactions. At the same time, absorption experiments with pertussis and influenza bacilli demonstrated that sera treated with the latter organisms remained unchanged, while those treated with the pertussis bacilli showed a loss in the antibodies. Table VII gives an example of such an absorption experiment. In other experiments, a positive complement fixation test carried out at low temperature indicated the specific character of the reaction, according to the conclusions of Gundel (10, 11) and Sachs (15) and coworkers. The method, as performed by us, confirmed the observation that the sera of normal healthy adults contained specific antibodies against pertussis bacilli. We cannot at present explain this finding. Some of these people may have suffered a short time ago from slight attacks of whooping cough, hardly noticeable clinically. Successive examinations of these adult sera for several months could possibly help to decide this question. In one instance, where it was possible to examine the sera of an individual (a laboratory technician) several times during one year, the complement fixation test did not change.
We examined the sera of about 15 adults (nurses, physicians, technicians) who were frequently exposed to whooping cough. The percentage of positive cases was about the same as in our group of normal adults. Further examinations are necessary to decide the question of the increase of complement fixation test by exposure without the development of pertussis disease.
It is a well known fact that adults may acquire whooping cough. We may assume that some of the adults with a positive complement fixation test suffer from subclinical infections which give rise to antibody formation. In children, the infection probably leads to a manifest disease, and positive complement fixation without any connection with whooping cough is rare.
In examining a larger number of adult sera we had the opportunity of studying the sera of 20 maternity patients. In all cases the blood from the umbilical cord was also tested. Sera from three of the women gave positive reactions. In these 3 instances there was a remarkable conformity of the results, in that the specimens of serum from the umbilical cords exhibited reactions almost identical with those obtained with the blood from the corresponding mother. These results seem to indicate that amboceptors against Bordet-Gengou bacilli can pass through the placenta. This fact, as far as we know, has not been observed as yet. In experiments with actively immunized rabbits, C. Bennholdt-Thomsen (16) has shown that antipertussis antibodies can pass the placenta of these animals.
In a number of adults injected with Sauer's vaccine the serological response was studied. Table IX gives a survey of the results in a few patients so treated.
The antibody response in most vaccinated individuals was immediate. The highest titer of antibodies was found 2 to 3 weeks following the last injection. Since it was not possible to follow up all these cases after vaccination, no final conclusion should be drawn. It is remarkable that from a group of 17 patients treated with Sauer's vaccine, 4 failed to show any antibody response, and this, in spite of the fact that they had received 30 billion organisms or 60 billions, depending on whether they got one or two injections.
No difference was observed in the titers and the rate of antibody formation between those adults having had whooping cough in childhood and those with a negative history.
In another paper to be published soon, more data on whooping cough vaccination will be reported. CONCLUSIONS 1. The complement fixation test in pertussis, as described in this paper, represents a fairly specific serological test giving positive results in about 80 per cent of the cases with whooping cough above 1 year of age and after the second week of cough. 4. In at least 13 per cent of normal healthy adults, positive reactions were also observed. Absorption experiments and fixation tests at low temperature proved these antibodies to be specific. No relation exists between the findings in normal adults and a positive history of pertussis. 5 . In comparable tests with maternal blood and that obtained from umbilical cords, the results suggest that specific antibodies against BordetGengou bacilli passed through the placenta. 6 . Some data on vaccination of adults with Sauer's vaccine are given in this paper. 
